The right median nerve can be stimulated electrically to help arouse the central nervous system for persons with reduced levels of consciousness. The mechanisms of central action include increased cerebral blood flow and raised levels of dopamine. There is 11 years of experience in the USA of using nerve stimulation for acute coma after traumatic brain injury. There is a much longer period of experience by neurosurgeons in Japan with implanted electrodes on the cervical spinal cord for persons in the persistent vegetative state (PVS). But the use of right median nerve electrical stimulation (RMNS) for patients in the subacute and chronic phases of coma is relatively new. Surface electrical stimulation to treat anoxic brain injury as well as traumatic brain injury is evolving.
INTRODUCTION
The right median nerve is a peripheral portal to the central nervous system. The sensory representation of the hand in the cortex is disproportionately large compared to other parts of the body. In the brain stem the ascending reticular activating system (ARAS) maintains the state of wakefulness. The spinoreticular component of the median nerve pathway synapses with neurons of the ARAS (Parent, 1996) . Improvement of level of consciousness, whether in persons in acute coma, or those in a chronic vegetative or minimally conscious state, is driven by the electrically induced elevation of dopamine and norepinephrine (Hayashi, 1997; Moriya et al., 2000) . Increase in cerebral blood flow, which is measurable shortly after starting the median nerve stimulation (MNS), is another important factor in neurostimulation for re-awakening (Liu et al., 2003) .
The right median nerve was chosen as a portal to stimulate the brain stem and cerebrum because increased awareness and a better pattern of speech and abilities to calculate have been observed after right median nerve electrical stimulation (RMNS) Cooper, Jane, Alves, & Cooper, 1999) . In the majority of individuals, whether right handed or left handed, Broca's motor/speech planning area is in the left frontotemporal region. Broca's area has been shown to become more active in positron emission tomography (PET) when a subject moves his/her hand, or even contemplates speaking or moving the hand (Montgomery, 1989) . This process is also artificially driven by RMNS Spiegel et al., 1999) .
EXPERIENCE WITH MEDIAN NERVE ELECTRICAL STIMULATION IN THE USA
Implantation of lower extremity nerve electrodes for treatment of spinal cord injury began in 1972 at the University of Virginia (Cooper, Bunch, & Campa, 1973) . In the late 1980s, individuals with quadriplegia triggered their paralysed forearm and hand muscles through voice-activated computerised electrical stimulation (Gersh, 1992) . This technique resulted in voluntary hand opening and closing at the Department of Biomedical Engineering at Duke University in Durham, North Carolina. Significant improvement was noted in distal motor abilities in direct response to electrical stimulation (Cooper, Han, & McElhaney, 1988) . Proximal voluntary muscle strength in the stimulated arm also improved. But an unexpected result was a crossover effect causing improvement in the strength of the proximal muscles of the unstimulated arm. This observation about intra-cerebral transfer led to the development of median nerve electrical stimulation for coma arousal (Cooper et al., 1999) . Almost two decades ago at Caswell Center in Kinston, North Carolina, a non-ambulatory adult male received surface electrical stimulation to his right forearm for reducing flexor muscle spasticity. The electrical stimulation was performed daily for a period of weeks. Progressive improvements in mental awareness and non-verbal interaction were observed on serial videotapes. There was better postural control of the head and trunk. This unexpected finding of generalised bodily motor improvement after right forearm electrical stimulation for a period of weeks, plus the crossover effect in the quadriplegic population with motor improvement in the non-stimulated upper extremity, led to the postulation that electrical stimulation of the right median nerve causes central nervous system arousal. This theory generated the right median nerve coma stimulation projects at East Carolina University and the University of Virginia in the early 1990s.
Observations have been made in the USA and in Japan in projects for patients with acute and long-term coma states. Progressive improvements that are somewhat predictable regarding eye co-ordination followed by facial, peripheral motor and speech function after several weeks of electrical stimulation have been seen in studies in the USA (Cooper, Jane, Alves, & Cooper, 1999) and Japan (Moriya et al., 1999) .
MATERIALS AND METHODS
Multiple MNS studies have been done in the USA at the University of Virginia (Cooper et al., 1999; Peri et al., 2001) and East Carolina University . Similar studies have been initiated by neurosurgeons in Japan (Yokoyama, Kamei, & Kanno, 1996) and Taiwan (Liu et al., 2003) . Two models of portable battery powered electrical neuromuscular simulators have been utilised (Respond Select and Focus, manufactured by the Empi Corporation). Similar electrical parameters have been standardised for the various studies. These electrical devices provided trains of asymmetric biphasic pulses at an amplitude of 15-20 milliamps with a pulse width of 300 microseconds at 40 Hz for 20 sec/min. The electrical treatment was delivered for 8-12 hours daily with a pair of lubricated one-inch square rubber electrodes placed on the skin over the median nerve. The location was on the palmar side of the right wrist in almost all cases. The number of weeks, or months, of electrical stimulation corresponded directly with the length of time since brain injury to the startup of the electrical treatment.
In acute trauma patients with severe brain injuries producing coma, the electrical stimulation was usually started less than one month post-injury, often in the first week. Glasgow Coma Scales (GCS) scores were 4-8, usually 4-5. In this group of acute patients, usually 2-3 weeks of electrical treatment would be needed. For traumatic brain injury (TBI) coma patients in which the electrical stimulation was started more than one month post-injury, stimulation duration varied widely. Usually a period of several weeks would be needed.
The newer experience of using RMNS in the treatment of patients in the persistent vegetative state or minimally conscious state, shows that longer periods of electrical stimulation measured in months or years would be needed for these more difficult cases.
For children and small adults, a setting of up to 15 milliamps is recommended. Electrical stimulation as high as 20 milliamps has been used in adults in deep coma. This level of stimulation is not usually tolerated by conscious or semi-conscious patients due to the strong tingling and the muscular contraction produced in the right hand. The RMNS is approximately 1.5 times the motor threshold. It produces right thenar apposition and flexion plus flexion of the index and middle fingers. Effects on vital signs are mild. Intracranial pressures usually remain stable. There have been no major complications induced by the peripheral electrical stimulation (Cooper & Kanno, in press ).
RESULTS OF ELECTRICAL TREATMENT

Acute stage of TBI coma
In the 1990s, 38 comatose patients with severe closed head injury received right median nerve electrical (or sham) stimulation in a series of pilot studies at the University of Virginia in Charlottesville, Virginia (Cooper et al., 1999; Peri et al., 2001 ) and the East Carolina University in Greenville, North Carolina (Cooper et al., 1999) . Similar RMNS protocols were used at both university medical centres.
There were two pilot studies at the University of Virginia (1994 -1995 and 1998-1999) . In both studies comatose trauma patients were randomly assigned into electrical treatment or sham treatment groups. The neurobehavioural raters were blinded to the treatment conditions. There were six patients in the first study and 10 patients in the second study. In the earlier study the electrical treatment group had a shorter time in the intensive care unit (Cooper et al., 1999) . In the second study the electrically treated comatose patients had a shorter time of endotracheal intubation (Peri et al., 2001) .
Coma patients with GCS scores near 8 on the day of injury can be expected to make very functional recoveries with standard treatment. In those cases where the GCS score is 4-5 with decerebrate/decorticate posturing, few can be expected to make good recoveries (Marshall & Marshall, 1996) . But with median nerve electrical stimulation, if the patient survives the initial brain injury and other multi-system injuries, the time for awakening from coma is shorter in the electrically stimulated group than in the non-stimulated group. Gradual progress to a functional level is almost twice as frequent in the electrically stimulated group as in the non-stimulated group (Cooper & Kanno, in press ).
There were 22 comatose patients treated with electrical stimulation at the medical centre at East Carolina University from 1993 to 1999. Twelve of the patients were in the Glasgow Coma Scale 4 category. They exhibited decerebrate posturing. These patients were in deep coma for more than a week. It is known that GCS 4 patients have a very poor prognosis (Cooper & Kanno, in press, Marshall & Marshall, 1996) . Therefore in the 12 young deeply comatose patients treated with early RMNS, almost 60% made a satisfactory recovery by one year post-injury (see Table 1 ).
SELECTED AMERICAN CASES
Two examples of adolescents with very severe traumatic brain injury with diffuse injury and no large haematomas are presented. In both cases, functional neurological survival was not expected.
C, a 16-year-old female, was involved in a motor vehicle accident and sustained a severe closed head injury in 1994. She suffered a basilar skull fracture, cerebrospinal fluid otorrhoea, left facial fracture, and left pelvic fracture. Computerised tomography (CT) scan revealed a left internal capsule contusion, right cerebellar subarachnoid haemorrhage, and blood in the fourth ventricle. Decerebrate posturing was observed and she received a GCS score of 4. She was briefly given electrical stimulation to the right median nerve but intracranial pressures continued to rise. With her extremely poor prognosis, she was expected to die. C was extubated, less than two weeks post-injury. She breathed spontaneously and electrical stimulation was resumed to the right median nerve. Within one week of restarting the electrical neuro-stimulation, she exhibited semi-purposeful movements of her right arm and leg and scored 7 on the GCS. After a total of two weeks of stimulation, she was out of coma. One month after the injury, C followed simple commands. At two months post-injury C could walk with assistance and could read aloud. Two years later, C talked and walked well. She resumed dancing and driving and graduated from college. For a period of four years, C has been working as a recreation director in a nursing home and most recently at a retirement home .
In 2000, a 12-year-old boy, K suffered severe multi-system injuries. A van ran over his body and rested on his head producing severe brain trauma, intraabdominal injury and multiple extremity fractures plus a compound fracture of the pelvis. On his initial CT scan there was a left frontal contusion, a small amount of subarachnoid haemorrhage in the interpeduncular cistern, and a non-depressed skull fracture of the left parietal bone. There was also a fracture of the left temporal bone. On the follow-up scan two days later, there were several contusions (right frontal and left temporal), increased cerebral oedema with marked effacement of the cortical sulci, and intraventricular haemorrhage. The scan one week post-injury demonstrated diffuse brain swelling and multiple haemorrhagic shear injuries. Haemorrhagic contusions of the left frontal lobe extending into the temporal lobe worsened the prognosis for the return of verbal function. K underwent several abdominal and orthopaedic operations early in his complex hospital course. He remained comatose with elevated intracranial pressures (over 70 mmHg) in spite of two courses of barbiturate therapy. His pupils remained unequal. K's survival was doubtful .
Surface electrical stimulation to the left median nerve (his right forearm was in a cast) in the 15 milliamps range was commenced two weeks post-injury. After two weeks of eight hours of daily median nerve stimulation, K began to emerge from his coma. He progressively improved and regained his ability to speak. He could use both of his hands in spite of a right hemiparesis which persisted. Two months post-injury, he was transferred to a rehabilitation centre. Electrical stimulation was resumed, but was switched to the right median nerve to help reduce the right hemiparesis. He continued to improve and was discharged home six weeks later. In schoolwork, he made good grades. Less than three years after the severe TBI system and multi-system injuries, K maintained a "B" average in junior high school. Additionally, he was able to resume some athletic activities, including swimming and ball sports (Cooper & Cooper, in press ).
Subacute stage of TBI
J demonstrates the advantage of beginning median nerve electrical stimulation in the first month of coma. J was a 16-year-old girl from southern California whose car was T-boned (side impact) by a truck in 2002. At the scene she had agonal respiration and was unresponsive at GCS 3. In the emergency room at a large community hospital her post-intubation coma score was GCS 4 on the day of the injury. The CT scan showed a large right putaminal haemorrhage and a small amount of blood in the mesencephalon. There was extensive shear injury in left fronto-temporal lobe and corpus callosum. Elevated intracranial pressure (ICP) was treated with mannitol and hyperventilation.
Operations included exploratory laparotomy, splenectomy, and ventriculostomy with monitoring of intracranial pressure, and later tracheostomy and feeding tube insertion. Follow-up brain CT scans on a daily basis showed progressive cerebral oedema and increasing haemorrhage. Two days after the injury there was a 7 mm midline shift. The small haemorrhage in the central mesencephalon was still present. By a week and a half post-injury the swelling and haemorrhage stabilised and gradually decreased. A week later cortical atrophy was observed.
J remained in coma and was decerebrate/decorticate at four weeks postinjury. Bilateral median nerve electrical stimulation (six hours per day for each wrist median nerve stimulation site) was started at five weeks post-injury. She remained in the intensive care unit for her entire two-month hospitalisation. Two weeks after the electrical stimulation was started, she remained left hemiplegic, but could follow commands. After three weeks of electrical treatment she could write, but could not speak. She was transferred to a rehabilitation unit eight weeks post-injury.
Next, J was able to speak in short sentences and communicate by writing. Six weeks post-injury she was able to walk with maximum support but remained left hemiplegic. Three months post-injury she had voluntary control of her left leg when walking. After three months of rehabilitation, she was transferred to a residential rehabilitation facility for an additional three months. She was discharged home to the care of her family in early 2003, eight and a half months post brain injury. She continued to receive outpatient therapies.
Later in the spring of 2003 she graduated from high school on schedule with her class, less than one year post-injury. In the fall of 2003 she was in college taking three courses, achieving "B" grades. She used a manual wheelchair but was able to walk with help and a brace on her left leg. Her left hand remained nonfunctional, flexed at the wrist. She regained good speech, conversing in normal sentences, although her vocal tone was somewhat flat with mild dysarthria (Cooper & Cooper, in press ).
Chronic stage of brain injury
Kanno and Okuma, from the Department of Neurosurgery, Fujita Health University, Japan, have reported on the subacute and chronic stages of coma resulting from traumatic and vascular causes (Okuma et al., 2001 ). The Japanese neurosurgeons were concerned that during the acute and subacute stages that brain atrophy was in progress after the initial brain injury, whether from trauma or anoxic injury. They suggested that even if the aggressive rehabilitation is started at the chronic stage it may be too late to achieve a recovery of brain function because of brain atrophy. Kanno stressed the importance of establishing a new treatment system for patients in the subacute stage (Kanno, 2000; Yamamoto et al., 1997; Yokoyama et al., 1996) . Kanno and Okuma discussed median nerve stimulation (MNS) and dorsal column stimulation (DCS) for persistent vegetative state (PVS) produced by trauma, anoxia or other causes. It was their hope that electrical stimulation might stop the progress of the atrophy. (Kanno, 2000; Kanno, Kamei, Yokoyama, 1992) . Kanno and associates have described DCS in Japan. For almost two decades, electrodes have been implanted on the cervical spinal cord of patients in the PVS. All cases were in PVS and had been unconscious for a period of three months or more. In patients who had been in a vegetative state for over a year, improvement was still possible.
Numerous articles in Japan have referred to these patients. There has been a consistent observation of 42% showing clinical improvements (Kanno, Kamei, Yokoyama, 1989) . Usually the improvement was in terms of interaction of the patient with the family, the ability to follow simple commands and self-feeding. But PVS adults who were electrically treated with the spinal cord stimulation, did not, in general, regain the ability to walk or talk. In half of the cases the regional blood flow improved. In general, the patients in PVS who showed a positive response to the DCS treatment were younger victims, less than age 40. They were in a vegetative state because of head trauma and not from anoxic injury. The prognosis was better when there was a relatively shorter period of coma prior to therapy. Their CT scans did not show severe damage to the thalamus and did not reveal marked cerebral atrophy. Of the patients who improved, the aetiology of the initial coma was trauma in 75% of the cases. Almost 90% of the improved patients were under age 30. Those over age 50 did not show improvement with the DCS therapy. Kanno observed that cases due to vascular or hypoxic injury rarely improved with the electrical treatment (Kanno et al., 1992) .
In northern California, a current case (2004) with anoxic brain injury from cardiac arrest resulting in the persistent vegetative state lasting six months, has commenced daily RMNS. There have been some positive responses noted within the first three months of electrical treatment: better head and trunk posture, tracking with definite eye contact, swallowing (able to take yogurt), and, recently, phonation. K, an adult female, will be the subject of a future article (Davey, 2004) .
The relationship between rehabilitation therapy and functional outcomes
In a large multi-centre study in the USA of 491 patients who were enrolled at three major medical centres, brain injury patients who had received acute care and inpatient rehabilitation were analysed regarding outcomes relative to the intensity of rehabilitation therapies. Total therapy hours per day, usually involving speech, occupational, psychological and physical therapy, were calculated. The Functional Independence Measure (FIM) scores were analysed at admission and discharge from the rehabilitation hospitals. Regarding the cognitive outcome, the authors noted, "Examination of cognitive outcomes indicates that therapeutic intensity did not contribute to gains in cognitive ability" (Cifu et al., 2003) . Longer length of stay and rehabilitation significantly predicted better motor potential achievement. A better motor score was achieved by greater therapy intensity. The authors concluded, "A multitude of additional treatment factors may be of benefit to outcomes, and additional research is needed to identify those factors. Rehabilitation outcomes research should help guide the development of evidence-based guidelines for rehabilitation" (Cifu et al., 2003) .
OBSERVATIONS ABOUT RESPONSES TO RMNS
In the first few days of treatment, mirror movements of the unstimulated left hand may occur. This dynamic crossover effect heralds reactivation of the cerebral hemispheres through the corpus callosum in the electrically stimulated comatose patient. Usually the first simple command that the patient will respond to after one or two weeks of RMNS is a sluggish apposition of the right thumb and index finger. This purposeful right hand response while the brain injured patient still appears to be semi-comatose, demonstrates that the five million electrical pulses delivered to the nervous system in the first 10 days of treatment have been copied and stored in the hard drive of the brain (Cooper & Kanno, in press ).
There is a predictable sequence of events that indicates positive response to the median nerve stimulation techniques, both for acute coma patients and longterm patients in the vegetative or minimally conscious state. There should be involuntary contraction of the median innervated muscles of the hand receiving the electrical stimulation. This would include abduction/flexion of the thumb and flexion of mainly the index and middle fingers and slight flexion of the wrist. Depending on the depth of the coma there may be some involuntary or semi-voluntary withdrawal of the whole upper extremity, plus other bodily movements.
The early positive changes observed clinically in electrically stimulated coma and PVS patients would be increased eye movements, followed shortly by some head movements to either side. As the depth of coma/vegetative state lightens, head control and trunk control should improve. Generalised improved skin circulation and increased salivation usually are noted in the first week or two of treatment. Mirror movements may be noted in the unstimulated contralateral hand with slight contractions of that thumb or other hand muscles.
After some basic muscular functions have resumed, there may be changes in facial expression indicating discomfort or attempts to smile. This is followed shortly by groans or phonation. Semi-purposeful hand movements would usually be the next stage. Finally the full awakening to a conscious level may occur. After that there would be considerable variability in the return of cognitive, speech and ambulatory functions. Usually the reawakened coma/PVS patient would be able to eat, but not always able to feed him or herself. In cases that achieve higher neurological function, the ability to talk and walk would be expected to follow.
In previous studies, it was noted that the slope of the timeline of partial neurological recovery is inversely related to the interval of time from the injury to the startup of RMNS. The quality of the functional outcome is influenced by the severity of neurotrauma as diagnosed on early CT scans (Blackman et al., 2003; Eisenberg et al., 1990; Kampfl et al., 1998; Kido et al., 1992; Marshall et al., 1991; Toutant et al., 1984) . In severe neurotrauma where the prognosis for brain survival in a functional state is approaching zero, any novel therapeutic intervention that produces better than expected results can be judged by the unexpected change in recovery slope. Professor John Jane (Chairman, Department of Neurological Surgery, University of Virginia), with a long time wealth of neurotrauma research, summarised the challenge of exploring median nerve stimulation: "Very few things do work in this situation and if your techniques make any difference whatsoever, I think it would be well worth it." (J. Jane, 1995, personal communication) .
The coma cases presented anecdotally in this paper are examples of electrical treatment where medical expectations for a functional survival had vanished. The improvements noted are doubly validated by the unexpected change in clinical course and the similarity of observations reported from widely separated locations in the USA and Asia. Rigorous proof of the theory that peripheral nerve stimulation influences the function of the injured brain demands larger series of treated/sham treatment comatose subjects. The purpose of this overview is to stimulate such worldwide research.
TENS IN ALZHEIMER'S DISEASE AND ENCEPHALITIS
In a number of studies, transcutaneous electrical nerve stimulation (TENS) was applied to patients in a relatively early stage of Alzheimer's disease (AD) (Scherder, Bouma, & Steen, 1992; 1995; Scherder & Bouma, 1999; van Dijk, Scherder, Scheltens, & Sergeant, 2002) . In those studies, the electric current was applied through two electrodes attached to the trapezius muscle, one electrode on each side of the spinal column, at the level of the first thoracic vertebra. The 30-minutes-a-day application took place during six weeks, followed by a treatment-free period of six weeks. In all studies a control group was included; participants of this group received sham stimulation with the same treatment frequency and treatment time, during the same treatment period. In one recent study, AD patients received RMNS with exactly the same stimulation parameters as described above (Scherder & Van Someren, 2004) .
A blinded investigator who did not know whether the patient belonged to the experimental group or the control group, administered a comprehensive neuropsychological test battery, including tests for various memory processes and verbal fluency. In addition, the nursing staff was asked to fill in observation scales and the rest-activity rhythm was measured by means of actigraphy.
Overall, the results indicate that patients who received real TENS treatment showed a statistically significant improvement with respect to nonverbal shortterm memory, verbal and nonverbal long-term (recognition) memory, and verbal fluency. Affective behaviour showed clinically relevant effects, i.e., patients who were treated with TENS became less depressed, less anxious, and less irritated. Of note is that in two studies the rest-activity rhythm of AD patients, measured by actigraphy, improved. This improvement was reflected in among other things a decrease in nightly restlessness (Scherder, Van Someren, & Swaab, 1999b; Van Someren, Scherder, & Swaab, 1998) . Based on data from animal experimental studies (Scherder, Luijpen, & Van Dijk, 2003 ) the stimulation-parameters frequency, intensity and pulse width were selected in such a way that an optimal activation of the locus coeruleus (LC) and dorsal raphe nucleus (DRN)-brain stem areas which project to the hippocampus (Ezrokhi, Zosimovskii, Korshunov, & Markevich, 1999) and the hypothalamic suprachiasmatic nucleus (SCN) (Legoratti-Sanchez, GuevaraGuzman, & Solano-Flores, 1989 )-could be obtained. The biological clock, important for our 24-hour circadian rhythm, is situated in the hypothalamic SCN (Swaab, 2004) . Please see next section for more details about possible underlying mechanisms.
The positive effects of TENS in AD patients should be considered with caution. In the first place, the studies were single blind, implying that the person who performed the treatment knew which patients belonged to the experimental group and which patients to the control group; this might have created a bias. Second, the number of participating patients was relatively small in each study, i.e., 8 to 10 patients in each group. In a recent study, a much larger number of AD patients participated (approximately 30 patients in each group) and only a treatment effect on the rest-activity rhythm was observed for those patients who did not take cholinesterase inhibitors (unpublished results). This finding might imply that previous results are based on chance instead of real TENS effects. On the other hand, the group of AD patients in this latter study was quite heterogeneous with respect to the stage of the disease, ranging from relatively early to advanced, and the onset of the disease, much earlier in the latter study compared to the previous studies. Severity and early onset of the disease are two conditions that might reduce treatment efficacy (CedazoMinguez & Cowburn, 2001; Ho et al., 2002; Le Bars et al., 2002) .
Particularly, the finding that in AD too much activity, for example, during the night, could be inhibited by TENS, was the main reason to apply TENS to two children who showed severe behavioural disinhibition after suffering from herpes simplex encephalitis (HSE). In a 9-year-old girl (Scherder, 1996) and an 11-year-old boy (Scherder et al., 2001) , overall affective behaviour as well as nightly restlessness and over-activity by day decreased significantly with the use of TENS. These findings might be less surprising considering that HSE is strongly related to damage of the hippocampus and mamillary complex of the hypothalamus (Kapur et al., 1994) , structures that are also affected in AD (Scheltens et al., 1992; Swaab, 2004) .
Possible mechanisms underlying the effects of RMNS/TENS
The effects of RMNS in comatose patients and AD patients and the effects of peripheral electrical stimulation applied to the trapezius muscle in AD patients might have two similar mechanisms in which the basal forebrain nucleus basalis of Meynert (NBM) plays a crucial role. The NBM is the origin of the cortical cholinergic system and is important for the level of cortical activity (Dringenberg & Olmstead, 2003) and cognitive processes such as memory (Shinotoh et al., 2003) .
The first mechanism concerns the ARAS. The ARAS originates in the brain stem reticular formation, more specifically the LC and the DRN, origins of the noradrenergic and serotonergic neurotransmitter systems, respectively (Kayama & Koyama, 1998) . With respect to arousal, the brain stem reticular formation is functionally related to the NBM/cholinergic system (Sauvage & Steckler, 2001) . Another area directly connected with the NBM and involved in arousal and attention (Critchley et al., 2003) , is the anterior cingulate cortex (ACC). Interestingly, a recent functional magnetic resonance imaging (fMRI) study showed that the ACC is activated by RMNS applied with a painful intensity (Kwan, Crawley, Mikulis, & Davis, 2000) . In the studies with comatose patients and patients with AD, the intensity of the stimulation was not nociceptive but high enough to provoke muscular twitches; fMRI studies are needed to examine whether this level of intensity is sufficient to stimulate areas such as the ACC.
A second mechanism that might underlie the effects of peripheral electrical nerve stimulation in coma and AD is related to neurotrophic factors, among which are nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF). Neurotrophic factors play an important role in neuroplasticity by, among other things, transforming silent synapses into functional ones (Klintsova & Greenough, 1999) . AD is characterised by a reduction of NGF in the NBM whereas the level of NGF in the cerebral cortex is unchanged (Salehi & Swaab, 1999) . Interestingly, it has been observed that by exposure to an enriched environment, cerebral NGF is retrogradely transported to the basal forebrain, enhancing its cholinergic activity (Salehi & Swaab 1999) . With respect to coma, BDNF might enhance survival of neurons after a hypoglycaemic coma of a short duration (Kokaia, Othberg, Kokaia, & Lindvall, 1994) . Interestingly, rats with a transient global ischaemia that were housed in an enriched environment showed increased BDNF levels (Gobbo & O'Mara, 2004) . We argue that peripheral electrical stimulation could be considered as a type of enriched environment and could initiate a similar sequence of events .
The juxtaposition of neurological conditions of different aetiologiesyoung people with traumatic brain injury yielding the spectrum of coma, PVS and the minimally conscious state, next to the progressively plaqued and tangled elderly AD brains-at first does not seem logical. But the final events of cytotoxic concentrations of glutamate released by damaged neurons are reputed to be enemies of both sets of patients who exhibit decreased levels of consciousness (Clausen & Bullock, 2001; Cooper, 1996; Doraiswamy, 2003; Faden, 1996; Greenamyre et al., 1988; Hynd, Scott, & Dodd, 2004) . Based on our clinical success with RMNS in some acute coma cases (albeit temporary in mid-stage Alzheimer's disease), we seek a physically effective treatment for the stabilisation of glutamate while increasing the dopamine levels to awaken the damaged brains. Encouraged by unexpected neuroprotective/glutamate results of median nerve stimulation in a new hypoxic rat brain study in Germany (Buitrago et al., 2004) , we recommend that future projects explore the commonality of the two neurological maladies of TBI and AD. We hope that common patterns of electrical treatment may ameliorate similar physiological pathways that lead to neural death of the young and old.
CONCLUSION
Over the past two decades independent research projects have focused on electrical treatment of acute coma, persistent vegetative state, Alzheimer's disease and encephalitis. These investigations from the USA, Japan and Europe have yielded unifying theories of cerebral hypo-function that are amenable to novel treatments. Peripheral, spinal and direct brain stimulation improve long-term outcomes of individuals suffering from diffuse neuronal injury.
We present this series of experiences in acute, subacute and chronic coma along with data from Alzheimer's treatment to point out the efficacy of non-invasive peripheral electrical stimulation. The same methodology may be applied to multiple disabling conditions and diseases.
It is encouraging to observe positive effects through peripheral stimulation across three continents with hundreds of varied patients. Right median nerve electrical stimulation remains a simple and effective way to improve the longterm outcomes of patients affected by coma. The same treatment has a positive effect on patients with Alzheimer's disease.
Peripheral electrical stimulation is sufficient to cause clinical improvement. This suggests that neural plasticity is positively influenced by an electrical treatment via an external, non-invasive portal.
We believe that more widespread use of this technique and further investigations will prove beneficial. Improved behavioural and cognitive outcomes have been observed across a wide array of electrical stimulation techniques. Utilisation of inexpensive, safe, and non-invasive techniques such as peripheral electrical stimulation will prove invaluable in the coming years.
